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LTHOUGH recovery from an acute subdural hematoma may be dramatically rapid and complete, convalescence is usually gradual, with only partial functional recovery. Some of the changes within the cranium that may prolong convalescence following removal of the hematoma are regional brain swelling, 2'4 ventricular distortion, 3 prolonged deformity of the cerebral vessels, e.8 persistence of the subdural space, 9,1~ and impaired circulation of cerebrospinal fluid (CSF)? ,5'7 The relative importance of these changes, particularly of the persistent subdural space with a midline shift and of obstructed CSF pathways, remains unclear.
A selected group of patients with acute subdural hematoma was examined to determine the following: 1) the effect of removal of the hematoma on arteriographic change and clinical recovery; 2) the sequence of arteriographic change after operation; and 3) prevalent abnormalities in CSF flow that follow acute injury.
Clinical Material
Forty-seven patients were treated for acute subdural hematoma at our hospital during a l-year period (1970) (1971) . All had sustained a closed head injury requiring surgical intervention. Of these patients, 21 (45%) survived for 5 days or longer. The findings in these survivors are the subject of this report. Seventeen of the patients were male, and four female; the average age was 51 years (24 to . None was neurologically impaired prior to injury, although three had experienced alcohol abstinence seizures, and two patients had been treated previously for head injury. The neurological status of the 21 patients immediately after injury is shown in Table 1 . In 11 patients, multiple burr holes were placed, typically in temporal, frontal, and parieto-occipital regions. The solid or semisolid hematoma was removed by suction, irrigation, and subdural catheter lavage. A craniotomy was performed on the 10 other patients. The dura was opened widely and the clot removed by suction and irrigation. After operation, the dura was closed and the bone plate replaced. Anticonvulsants, steroids, and other supportive measures were used in all patients, and neurological function was assessed periodically.
Transfemoral cerebral arteriography was carried out in 15 patients before operation. In the other six, rapid neurological deterioration precluded preoperative angiography. Cerebral angiograms were obtained in all patients after operation. Twenty-one were studied 1 week after operation, nine after 2 weeks, eight after 4 weeks, and two 6 months after operation. No complications arose from the radiographic procedures.
Radioisotope cisternography was done successfully in 11 of the 21 patients from 10 to 17 days after operation and in six of these 11, it was repeated 10 to 12 weeks later. One patient incurred transient chemical meningitis after cisternography.
Summary of Cases

Clinical Findings
The rate of clinical recovery is shown in Table 2 . Fourteen of the 15 patients who survived 4 to 6 months after injury had improved clinically. Seven of these had been treated by craniotomy, eight by multiple burr holes. There was no apparent difference in clinical recovery between the craniotomy group and the burr-hole group.
In three patients, neurological function worsened after an initial period of improvement; this suggested recurrent hematoma. The initial hematoma in each case had been removed through burr holes. In all three cases reexploration disclosed a liquefied hematoma in the site of the previous hematoma.
FIG. 1. Left carotid arteriograms, anteroposterior view.
Left: Preoperatively, the anterior cerebral artery is shifted to the right, and an extracerebral space is evident on the left. Right: Four weeks after operation, the shift and extracerebral space persist despite the patient's complete functional recovery.
Drainage of the hematoma resulted in improvement in each instance.
Of the six patients who died, three had been treated by multiple burr holes and three by craniotomy. At autopsy, two of the three patients treated with burr holes and one of the three treated by craniotomy had a significant subdural hematoma, a finding not present in the remaining three patients.
A ngiographic Findings
Arteriographic improvement was gradual, usually lagging behind clinical improvement during the early postoperative period. The sequence of postoperative angiographic improvement is shown in Table 3 .
An example of persistent shift and extracerebral space after 4 weeks is shown in Fig. 1 . A shift of the midline structures was present in all patients who were examined arteriographically before operation. Postoperatively, the shift usually disappeared sooner than did the subdural space. Figure 2 illustrates the return of the anterior cerebral artery to the midline 2 weeks after craniotomy removal of an acute subdural hematoma. A subdural space persisted despite the absence of midline shift. Table 4 presents a comparison of improvement seen angiographically in the two treated groups 1 week after operation. In the group that was treated by craniotomy, all seven arteriograms had improved substantially from the preoperative study. In the burr hole-treated group, improvement was notably less.
Cisternographic Findings
Nine of 11 cisternograms done 2 weeks after operation were abnormal. Five showed unilateral or bilateral obstruction at the tentorium, and four showed delayed CSF flow and ventricular reflux of the isotope. Eight patients whose cisternograms showed disturbed CSF flow 2 weeks postoperatively had, nonetheless, improved clinically during that time. Of the six patients who survived 10 to 12 weeks and who underwent repeat cisternography, four demonstrated improved CSF flow. In the other two patients, delayed CSF flow, ventricular reflux, and ventricular dilatation persisted. Figure 3 illustrates the cisternographic pattern of posttraumatic hydrocephalus in one of these two patients. A shunting procedure resulted in further clinical improvement in both patients with occult hydrocephalus. Fl~. 3. Cisternograms, 99m TD albumin, 2 weeks and 10 weeks after removal of an acute subdural hematoma. Delayed flow over the convexities with ventricular reflux persists at 24 hours, indicating impaired CSF flow above the tentorium.
Discussion
Our experience with the sequelae of surgically-treated acute subdural hematomas concurs with that reported by Browder and Rabiner, 2 Parkinson and Chochinov, 9 McLaurin, 8 and others; 3,4,6,1~ that is, removal of an acute subdural clot may be followed by a period of substantial clinical improvement, but with little radiographic evidence of change. The study woulcl appear to indicate that arteriographic i m p r o v e m e n t occurs earlier after treatment by craniotomy than after treatment by burr holes, and that recurrence is less likely when the hematoma is removed by craniotomy.
Extracerebrai obstruction of CSF pathways was c o m m o n 2 weeks after removal of the hematoma, but had improved in half those patients studied 3 months later. More important than documentation of improved C S F dynamics was recognition of persistent C S F obstruction and incomplete recovery in two of these patients. Proper treatment for CSF obstruction in both patients achieved a complete functional recovery.
Although the scope of this study is limited, it does yield some practical lessons. First, clinical evaluation of a patient convalescing from an acute subdural hematoma is the most reliable index of his progress. Second, the diagnostic usefulness of cerebral arteriograms after operation is limited, since immediate postoperative changes tend to persist. Third, craniotomy is preferable to burr jaoles for removing an acute subdural hematoma. And finally, cisternography, unless done serially, has limited value, because posttraumatic hydrocephalus develops rapidly and may persist indefinitely.
